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Introduction

Citizen science is becoming increasingly popular as a way of engaging citizens in

environmental monitoring. There has been a wide discussion around what citizen science

is and is not. For example, should it include only active or deliberate contributions by

participants, or can it also include passive or involuntary citizen participation, e.g., where

crowdsourced data on social media are analyzed for a specific scientific purpose? Should it

only be voluntary, or can it also include payments? While the debate is important (Haklay

et al., 2021), here, we use the term citizen science in the broadest sense possible, to mean

the engagement and participation of non-professional scientists in the production of

scientific knowledge. Although citizen science has traditionally been used in an

environmental monitoring context, an important and very valuable characteristic is

that it has the potential to reach beyond individual scientific disciplines and to attract

wider public participation (Bonney et al., 2009). This is particularly true in the digital age

where technology has been a key enabler of citizen participation in a much wider range of

research, including technologically demanding fields such as particle physics or synthetic

biology, as well as whole disciplines such as medicine, the social sciences and the

humanities (Pykett et al., 2020; Tauginienė et al., 2020; Haklay et al., 2021). Hence,

for this special collection of environmental citizen science that was launched in March

2022, we want to include any research using citizen science methodologies that is relevant

to environmental science, in a broad and inclusive manner.

The use of citizen science for environmental research is evolving rapidly, partly due to

the increasingly visible impacts of climate change, which is galvanizing public

participation globally. In this paper we discuss six grand challenges that face this

growing area of research, namely: 1) Perennial issues that the scientific establishment

raises about data quality in citizen science, as applied to environmental research; 2) the use

of citizen science by governments, local authorities andNational Statistical Offices (NSOs)

as a source of non-traditional data for monitoring and decision making; 3) new forms of

engagement, motivation and retention of citizens; 4) open data and the sharing of citizen

science data; 5) the integration of data from new digital technologies and how citizen

science can help bridge the digital divide and inequalities in participation; and 6) how

environmental citizen science relates to research on the global environmental challenges

that humanity is currently facing such as the climate emergency, the continued

destruction of the rainforests, dramatic losses in biodiversity, and increasing

inequality, to name just a few. On this last point, in a recent youth survey by
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UNESCO, climate change and the loss of biodiversity were

considered to be the most important pressing challenges for

the next decade (UNESCO, 2021). Hence, environmental citizen

science, with its openness to participation by youth, and indeed

people of all ages and backgrounds, has a particularly strong

potential to address global environmental challenges and be a

catalyst for transformative societal change. In the following

sections the identified grand challenges are discussed in more

detail.

Challenge 1: Data quality

Data from citizen science has made significant and

sometimes crucial contributions to scientific research in a

wide range of different research fields. Citizen science is

widely accepted by academic institutions around the globe,

and many dedicated citizen science associations and centres

have been created by mainstream academic organizations.

There remain sceptics who question the reliability of citizen-

generated data. And of course, any scientific result needs to be

held to the highest standards of reproducibility appropriate to the

field of research in question: citizen science is no exception.

Nevertheless, the much wider acceptance of citizen science in

mainstream science is evidenced by dedicated funding programs

in support of it, such as the European Commission’s Science with

and For Society (SwafS) program. In particular, citizen science is

also increasingly being recognized as a potential source of

information for official statistical reporting and authoritative

environmental monitoring such as the United Nations

Sustainable Development Goals (Flückiger and Seth, 2016;

Fritz et al., 2019; Fraisl et al., 2020). As use of non-traditional

data sources by government bodies grows, so will the demand for

a more refined distinction between the conditions that determine

whether citizen-generated data are of sufficient quality for a

certain purpose, and where novel types of data filtering and

curation may be needed. There are many ways to increase the

accuracy of citizen science data, for example, through the use of

multiple observations at the same location, the use of plausibility

measures, and independent automatic quality checks as well as

comparison of data from citizens with data collected by experts

(See et al., 2013; Salk et al., 2022). One innovative way of

improving the quality of data provided by citizens is through

the use of near-real-time feedback. For example, in one citizen

science project called Fotoquest Go, it was shown that by

providing near-real-time feedback to citizens during the data

collection campaign, the overall agreement between the crowd

and the experts increased from 69 to 90% for a land cover

classification using a simple 10 class legend, and from 37 to

82% for amore detailed legend (Laso Bayas et al., 2020). A further

rapidly evolving field of research is the combined use of citizen

science and artificial intelligence (AI) where, for example, a

machine learning (ML) algorithm can be used to filter large

data sets from social media before further and more subtle

refining is done by human intervention. An example of this is

the combined use of AI and crowdsourcing to identify venomous

snakes (Durso et al., 2021).

Increasingly, scientifically important data sets are being

collected in a passive way by sensors that are used or owned

by citizens. In these examples, the quality of the observations

depends partly on the proper use of the sensor but much more on

the quality of the actual sensing device. Whereas some devices

and sensors used by citizens have had problems in the past and

have led to inaccurate information, for example, on air quality

(Ekman and Weilenmann, 2021), the reliability of these types of

low-cost air quality sensors is increasing rapidly (Watne et al.,

2021). In general, the cost of sensors as well as wearables has

decreased dramatically, and many types of sensors (e.g., air

quality sensors, temperature sensors, water quality sensors,

etc.) are now affordable for citizens.

Challenge 2: Potential use of citizen
science environmental data by
governments, local authorities and NSOs

Countries increasingly realize that citizen science can

potentially play an important role towards addressing national

as well as global challenges, in particular, for achieving the United

Nations Sustainable Development Goals (SDGs), which involve a

large number of specific targets and indicators, many of which

NSOs are poorly equipped to monitor. Several legal and policy

frameworks have already been implemented that pave the way

for using data from citizen science. These include the

2015 United States White House Memorandum on Citizen

Science (Holdren, 2015); the United States Crowdsourcing

and Citizen Science Act (US Congress, 2016); the European

Open Science Policy Agenda (European Commission, 2019a);

the recommendations of the European Open Science Policy

Platform (OSPP, 2020); action 8 of the EU roadmap to

streamline environmental reporting (European Commission,

2017); and the Ministerial Declaration at the UN

Environment Assembly (UNEP, 2019). Very recently, citizen

science data have been used in the EU strategy on plastics and in

the recent Single-Use Plastics (SUPs) Directive by, for example,

identifying the 10 types of litter that are most commonly found

on beaches (European Commission, 2019b).

A number of papers have shown that citizen science has

untapped potential for monitoring progress towards the SDGs

(Fritz et al., 2019; Fraisl et al., 2020). The latter paper

demonstrated that citizen science is already contributing to

the monitoring of five SDG indicators and that citizen science

has the potential to contribute to another 76 indicators. Bearing

in mind that individual countries have many environmental

targets and indicators that go beyond those specified by the

UN for the SDGs, and that they deal with specific national or
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regional issues, it is clear that citizen science can contribute to the

monitoring of a wide-range of environmental issues where NSOs

need data, including around one-third of all SDG indicators.

Analysis shows that the greatest inputs from citizen science

to the SDG framework relate to SDG 15 Life on Land, SDG

11 Sustainable Cities and Communities, SDG 3 Good Health and

Wellbeing, and SDG 6 Clean Water and Sanitation (Fraisl et al.,

2020). However, it has also been highlighted that such

monitoring of the SDGs, or sustainability more generally, is

not always that straightforward, and that many current citizen

science projects are not adapted for this purpose. In particular,

the challenge of balancing local needs with national reporting

requirements, without overburdening small low budget citizen

science projects with the strict requirements of SDG reporting

(Moczek et al., 2021), is a significant challenge (Pateman et al.,

2021). While a number of citizen science projects could directly

contribute to the monitoring of the SDGs with some additional

efforts in order to standardize their data for SDG reporting needs

(Fraisl et al., 2020; Moczek et al., 2021), the design and setting up

of interfaces to UN or NSO databases would highly facilitate this

process (Moczek et al., 2021).

While recent studies attempt to identify where citizen science

could be most useful for SDG monitoring, there are fields such as

agriculture where citizen science is currently playing only a very

minor role, but opportunities abound. An analysis by Scistarter

(scistarter.com), the largest citizen science platform, has shown

that only 1% of all projects have an agricultural focus (Ryan et al.,

2018) In their analysis, the authors showed that there is

tremendous potential in the agricultural sector for citizen

science. For example, citizen science could contribute much

more than is currently done to monitoring pests/pathogens

and invasive species, and in preserving biodiversity and

ecosystem services by raising awareness about pollinator

diversity and occurrence as well as its importance.

Furthermore, there is an untapped potential in the field of

enhancing food safety, nutrition and flavour, in particular,

with respect to the role of microbes as well as in the field of

social justice and animal welfare in agriculture.

Challenge 3: Engagement, motivation and
retention of citizens

Another important challenge in citizen science is how to

incentive citizens to participate in science and to answer the

question: What is in it for me? Here, clear communication

regarding how the data are being used and why the data are

so critical play an important role. For example, a number of

incentives have been tried to increase engagement and retention,

such as prizes and co-authorship (See et al., 2022) and

information nudges, e.g., through the Earth Challenge

(EARTHDAY.ORG, 2022), although citizens are also

interested in helping science and the intellectual challenge

(Curtis, 2015).

A strong incentive in the context of the climate crisis is the

possibility, through the use of citizen science data to guide

national and international policy, for participants to feel that

their efforts are worthwhile, and that citizen-generated data have

a clear role to play in the transformative process that tackling

climate change requires. It has been stressed that citizen science

projects should try to tap into a larger audience that better

represents society at large. However, citizen science projects

do not always collect demographic information to understand

who is actually participating (Mervis, 2018).

Furthermore, there is a need for greater openness by

scientists to engage with the wider public and to communicate

science in a clearer and simpler way by, for example, avoiding

jargon and in ways that are clearer and more understandable to

non-specialists. Scientists need to break out of their ivory towers

and engage more widely with society and citizens.

Challenge 4: Data sharing and open data

Many citizens are making their personal data available on

various internet platforms these days, with little or no concern

about the privacy implications. Many of the companies that

exploit these data are under increased scrutiny in terms of their

compliance with European GDPR (General Data Protection

Regulation) and other regulations. The question is, how will

scientists and organizations that may come to depend on similar

citizen-generated data gain and maintain the trust of the citizens

providing the data? To build trust it will need to be made clear

from the start of a citizen science project that the data are not

exploited by third parties for marketing and profit purposes, and

that citizen science data used exclusively for research will need to

follow strict ethical principles.

More research is needed on how, for example, passive data

can be donated by citizens for scientific purposes. As one

example, consider the many potential applications that a

crowdsourced dynamic global GPS database might have had.

If a selected representative group of people made their personal

location data available via a very simple app during the peak of

the Covid-19 pandemic, we might have known earlier and with

higher confidence to what degree the first wave of the pandemic

changed human mobility and, therefore, carbon emissions from

traffic. A near real-time global transport monitoring database

might, for example, help in understanding very quickly the effects

of green policies on reducing car traffic and car mobility. Some

organizations, such as Google, have made such data available. But

often it is in a non-machine-readable form (e.g., as PDFs—see

https://www.google.com/covid19/mobility/), which requires

unnecessary and substantial effort to exploit for scientific and

global analysis.
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We acknowledge that it may not be in the commercial

interest of private companies to make the data they gather

from citizens free and open. Indeed, it could generate legal

risks for such companies, too. But such data, used ethically

for legitimate scientific purposes, could greatly benefit society.

Engaging with these companies at the level of national or UN

policies can help to open up some of these commercially-

generated citizen data sets for science. But more bottom-up

citizen data collection activities are clearly needed, and citizen

data needs to be openly shared following the FAIR principle

(Wilkinson et al., 2016). Ultimately, bottom-up data collection

could have an advantage over commercially acquired data. For

example, in the field of remote sensing, reference data used to

train classification algorithms are not being openly shared by

companies although there are now examples of reference data

collected by citizens that have been made free and open (Laso

Bayas et al., 2017; Lesiv et al., 2022).

Challenge 5: Digital opportunities and the
digital divide

One of the future challenges for citizen science is the

integration of passive sensor data directly from smartphones

or wearables as well as human perception data into official data

streams while at the same time fully respecting privacy and

compliance with the EU’s GDPR. Data donation for science is

becoming a new trend, with projects like OpenHumans, allowing

scientists, companies, NGOs and policy makers access to

unprecedented sources and quantities of new data. Standard

smartphones or wearables now provide, for example: location,

movement, individual carbon mobility footprints, health related

data, and much more.

A citizen social science approach has also been recently

proposed (Pykett et al., 2020) to research human emotions in

cities, linking it to wearables. By establishing the link to well-

being, this can lead to a better understanding of urban stress. The

use of wearables and other low-cost sensors represent an

untapped potential for improving our knowledge of factors

that can help to improve human well-being, access to green

space, improving city planning as well as implementing measures

to reduce the carbon emissions of cities.

Mostly, citizen science has been an activity of the Global

North, and confined to relatively rich countries, where people

have the time for volunteer activities and unpaid hobbies. Yet the

Global South has leapfrogged some important stages of

development thanks to digital technologies, with cell phone

penetration in many regions high where there are still no

landlines. In emerging economies, citizen science activities are

much less popular, as an inspection of data on many open citizen

science platforms, such as iNaturalist, clearly show.

One way to increase the contribution of data from citizens

could be through micropayments. Microfinancing represents

another opportunity for emerging markets to leapfrog

traditional banking technologies and switch to phone-based

rewards. Such an approach could also help to provide new

opportunities to poorer communities and people working in

the informal economy, which is the case in the majority of young

people in most African countries, for example. A case in point is

the Youth Agency Market developed by UNICEF. This digital

platform connects job seekers to job providers and was setup to

provide new livelihood opportunities to African youth, including

collection of citizen science data (Ghedin, 2021).

Challenge 6: The contribution of citizen
science to global transformational change

It is increasingly clear that in order to address the big global

challenges that societies are currently facing, greater engagement

of citizens is required. For citizens to act, in particular, through

positive behavioral change to reduce their climate and

environmental footprints, they need to measure what their

current impact is. Governments need to know more about the

impact of their citizens, too, in order to shape policies that

effectively address global challenges that require collective action.

One important theme that has been repeatedly discussed in

IPCC reports is the critical role that citizens play in helping to

achieve the carbon emissions reduction required by the Paris

Agreement, by changing their behavior (IPCC, 2018;

Williamson et al., 2018; Gosnell and Bazilian, 2021). Science-

driven climate policies are also needed to provide the necessary

boundary conditions for an accelerated transformation of

society to lower, and in due course, zero net, carbon

emissions. It has been further demonstrated that citizen

science can be a critical ingredient in triggering behavioral

change (Jordan et al., 2011; Jones et al., 2013; Morrow, 2013;

Van Brussel and Huyse, 2018), although much more research is

needed in this area.

Another important contribution citizens can make in the

field of climate and environmental action is their role in

shaping and formulating climate and environmental

policies. Whereas citizen science is often viewed by

professional scientists as a cheap source of data, which can,

in turn, be used for policy making, citizens can play a much

more active role at a much earlier stage in the science to policy

discourse, as the policy impact of the Fridays for Future

movement, inspired by the actions of Greta Thunberg,

clearly illustrate. Going beyond citizen protest, a recent

paper by Kythreotis et al. (2019) argues that citizen

engagement can encompass how local and indigenous

knowledge can be integrated into science (truth) and policy

(power) structures. A future can be envisaged where policy

making can truly become a co-design process, giving citizens a

clear and much more active role in the climate and

environmental debate.
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National and supranational organizations are showing

increasing support for citizen science. For example, an EU

report by Warin and Delaney (2020) outlines the various

achievements that citizen science projects have made in the

context of the Horizon 2020 funding scheme and advocates

for further support for citizen science in the follow up

funding program of Horizon Europe. Hence, the profile of

citizen science has been raised at the European level.

In conclusion, we have outlined six challenges facing

environmental citizen science, ranging from the

methodological to the technological, and from the political to

the ethical. The contributions to this special collection on

Environmental Citizen Science address all of these challenges,

in one way or another, and provide intriguing visions of how

environmental citizen science may evolve in the coming years. At

the crossroads between new opportunities and risks for citizen

science, and with the urgency of global environmental change

wrought by the climate crisis, the timing of this special collection

could not be more opportune. We hope that it will spur citizen

scientists and professional academics alike to find new ways to

collaborate and to respond to planetary emergencies.
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